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PERMEATION OF OXYGEN BREATHING APPARATUS BY GASES 
AND VAPORS. 


By A. C. Frevpner, 8S. H. Karz, and 8. P. Kinney. 


INTRODUCTION. 


Question as to the permeability by gases and vapors of rubberized 
fabrics used in the breathing bags of self-contained oxygen breath- 
ing apparatus was raised recently by the death of James S. Cunning- 
ham, a foreman miner of the Bureau of Mines, who was overcome 
while wearing an oxygen breathing apparatus of the half-hour type 
in a large tank containing about 6 inches of gasoline at Trinidad, 
Colo. Investigation of the cause of his death indicated that the rub- 
berized fabric of the bag had perhaps been penetrated by the vapor 
of gasoline. Experiments were therefore made with similar breath-. 
ing bags in gasoline-saturated air. These experiments showed that 
when the gasoline used was highly volatile, like “ casing-head ” gaso- 
line, dangerous amounts of it penetrated the bag. Several fabrics 
were then tested in a fabric-testing apparatus, such as is used by the 
Bureau of Standards for testing balloon fabrics, against gasoline and 
benzene vapors, carbon monoxide, and natural gas, in an attempt 
to find impermeable materials. The tests disclosed that rubber 
sheets one-sixteenth of an inch thick prevent penetration of the gases 
and vapors for at least two hours; this resistance is adequate for in- 
termittent use followed by complete aeration, as the apparatus is 
designed for use during a two-hour period. Thinner rubberized fab- 
rics were found impermeable when made by cementing two light- 
weight rubberized sheets together with a glue-glycerine layer between 
them; this fabric was supple, showed good resistance to deterioration 
from age, and completely prevented penetration of gases and vapors. 
A fabric impregnated and coated with a pyroxylin varnish proved 
flexible and quite resistant to the gases; it allowed a slight penetra- 
tion of gasoline and benzene vapor, but not enough to be dangerous. 

Though these tests showed that some fabrics now used for breath- 
ing bags were quite permeable to gasoline vapors in high concentra- 
tions, they did not show enough permeation in the relatively low 
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concentration produced by motor gasoline at ordinary temperatures 
to account for the death of Cunningham in the few minutes during 
which he was in the tank. The materials now in use on standard 
breathing apparatus are quite impermeable to the gases ordinarily 
encountered in mine-rescue work, but do not afford complete pro- 
tection in high concentrations of gasoline and other organic vapors. 
For such purposes special impermeable fabrics seem desirable. 


FORMER EXPERIMENTS ON GASES PERMEATING RUBBER. 


Nearly a century ago, Dr. J. K. Mitchell, of Philadelphia, de- 
scribed his experiments! that demonstrated that rubber films are 
permeable to hydrogen sulphide, cyanogen, ammonia, carbon dioxide, 
nitrous oxide, arsine, olefiant gas, hydrogen, oxygen, carbon monox- 
ide, and nitrogen. He roughly measured the rates of passage of 
these gases through a thin rubber film and determined the speeds 
to be in the above order, hydrogen sulphide being the fastest. 

Soon afterwards Draper found that hydrogen sulphide at at- 
mospheric pressure would pass through a rubber membrane into a 
hydrogen-oxygen-nitrogen mixture of 24] atmospheres pressure, “as 
readily as if no such force were exerted against it.”* Other gases 
acted similarly, and Draper concluded that a gas on one side of a 
permeable membrane acts as a vacuum toward another gas on the 
other side. 

Thomas Graham observed that “gases penetrate most readily 
which are easily liquefied by pressure and which are also generally 
highly soluble in water or other liquids.”* Temperature has the fol- 
lowing effects: It makes the gases less soluble, the rubber softer, and 
it increases the speed of diffusion; over a moderate range, 4 to 60° C., 
the combined effect of increasing temperature was to make the rub- 
ber film more permeable to air. Graham also tested rubberized silk 
and cotton cloth and found them much the same as the sheet rubber, 
both vulcanized and unvulcanized rubber were permeable. A few 
observations indicated the relation between thickness of rubber film 
and permeation to gas to be approximately in inverse ratio. The 
possibility of separating mixed gases by their differences in permea- 
tion through a membrane to vacuum was demonstrated. A gelatin 
film was tested for permeation, but without “marked results.” He 
explained the process as a solution of gas in the rubber on one side, 
diffusion through to the other side, and evaporation there; a foreign 
gas on the evaporating side has no more effect than a vacuum. 


1 Mitchell, J. K., On the penetrativeness of fluids: Am. Jour. Med. Sci., vol. 7, 1830, 
pp. 36-67. On the penetration of gases: Ibid., vol. 13, 1833, pp. 100-112. 

?Draper, J. W., On some mechanical functions of areolar tissues. Containing the 
coordination of the diffusion laws of Prof. Graham and the experiments of Dr. J. K. 
Mitchell: Am. Jour. Med. Sci., vol. 22, 1838, pp. 23-44. 

*Graham, T., On the absorption and dialytic separation of gases by colloid septa: Phil. 
Trans. Roy. Soc., vol. 156, pt. 2, 1866, pp. 399-439. 
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FORMER EXPERIMENTS ON GASES PERMEATING RUBBER. q 


Studies of gases separated by soap and water films by Exner‘ 
proved that the passage of each gas was proportional to its absorp- 
tion coefficient or solubility in the liquid and inversely proportional 
to the square root of the density. Wroblewski® demonstrated soon 
afterwards that the same relations hold for rubber films, and stated 
the relations with the formula: 


g-ops = Th, 4 


in which @ is the quantity of gas passed through a rubber of area 
Q, and thickness x, in time ¢; D is the diffusion coefficient of the gas: 
S the saturation coefficient of the rubber for the gas; and UV, and U, 
measure the absorbed gas at the two surfaces of the rubber. His 
conclusions are in part as follows: Henry’s law for gases and liquids 
apply for rubber and gases; the absorption coefficient for vulcanized 
rubber is a linear function of the temperature, for carbon dioxide 
and nitrous oxide it decreases with increased temperature, but for 
hydrogen it increases; the absorption is a purely physical phenome- 
non and not chemical; gases diffuse in rubber in accordance with the 
law that states the conductivity of solids for heat; this diffusion is 
independent of the chemical nature of the gas and is dependent only 
on the physical properties of the gas. 

Experiments recently made by Rodt®* indicate that rubber com- 
pletely free of moisture has only an exceedingly small permeability 
for carbon dioxide. This fact has no practical bearing on oxygen 
breathing apparatus, since rubber in contact with atmospheric air 
always contains moisture. Dewar? has confirmed the effect of water 
by observing the change in rates of diffusion through rubber at the 
freezing point of water. He found that the effect of glycerin in 
checking diffusion was “very evident.” In addition to some gases 
already mentioned, he demonstrated the permeability of rubber to 
vapors of ether, chloroform, benzene, alcohol, pyridine, and acetoni- 
trile. 

Recent work at the Bureau of Standards*® has confirmed many of 
the foregoing conclusions and in addition has shown that rubber 


4Exner, F., Ueber den Durchgang der Gase durch Fliisigkeitslamellen: Ann. Phys. 
Chem., vol. 155, 1878, pp. 321-336, 443-464. 

5 Wroblewski, S., Ueber die Diffusen der Gase durch absorbirende Substanzen: Ann. 
Phys. Chem., vol. 158, 1876, pp. 539-568 ; Ueber die Natur der Absorption der Gase: Ann, 
Phys Chem., Neue Folge, vol. 8, 1879, pp. 29-52. 

6 Rodt, V., Zur Fraze der Durchlassigkeit von Kantschuk fur Kohlonsaure: Chem. Zeit., 
vol. 38, 1914, pp. 1249-1251. 

7 Dewar, J., Problems of hydrogen and the rare gases, * * * records of experi- 
ments: Proc. Roy. Inst., Great Britain, vol. 21, 1917, 543-560, and yol. 21, 1918, pp 
613-626. 

8 Edwards, J. D., and Vickering, S. F., Permeability of rubber to gases: Chem. and 
Met. Eng., vol. 23, July 7, 14, 1920, pp. 17 to 21, 71 to 75. 
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decreases in permeability with the degree of cure and with aging. 
The “ impedance,” or reciprocal of permeability of a given amount of 
rubber is greatly increased when the rubber is applied to cloth; in 
some cases it is nearly doubled. Most compounding materials are 
kept low when high impedance is wanted, though glue and paraffin 
are said to lower the permeability. The “specific permeability ” 
was defined as the volume of gas permeating 1 square centimeter of 
rubber 1 centimeter thick with difference of partial pressure of 760 
millimeters on the two sides in one minute; for hydrogen the specific 
permeability at 25° C. is 20.410 cubic centimeters per minute. 
Relative power of permeation of different gases were found to be as 
follows: 


Power of permeation of different gases, 


INItTOPON Se acne Sa eens ono bee eeasbadseowenneee 0. 16 
Aly 2 es Are So a et ee BSAA oo ee oe ene . 22 
A¥ gO: <2. 547. ss Se es ee ee aie oe es ed . 26 
Oxygen 2 -- = 3+ Sao Ss cs encscscsncacaccassacecesascecescasesesecees 45 
Beliniis2cs os a:< on s+ pene ek ns ee tere feat Sees les . 65 
Hydrogen_____-__----__-__--__ OP ee ce Soest AlL'00 
Garton dioxide. 2.5... 3 eee oe ee Soc weccaccuseecwecwee 2.9 
Ammonia_____--_--_-------_---__- BoM toTe sis toteer ate asen see ene 8.0 
Methyl chloride -=-<2<22--en2- 2523825 pee be ccetsen ee cheese 18.5 
Water vapor (approximately) —-~-----_--_---_---_-----__-____----____ 50. 
Bthylchloridé-— 2... ec cuca e ok eee So eteS Moe eer eaeet aes ss 200. 0 


TESTS OF OXYGEN BREATHING APPARATUS WITH GASOLINE. 


In order to determine the penetration of breathing bags by gaso- 
line, tests were made with both the vapor and the liquid. The gaso- 
line from Trinidad, Colo., that caused Cunningham’s death, was a 
relatively nonvolatile motor gasoline. This gasoline and a very 
volatile casing-head gasoline were used in the tests. Table 1 gives 
the results of distillation analyses of the gasolines by Dr. E. W. 
Dean, of the Bureau of Mines petroleum laboratory. The analyses 
show the Trinidad gasoline to be typical of that generally sold 
throughout Colorado for motor fuel. The casing-head gasoline is 
much lighter and more volatile than any found in the motor-fuel 
market. 


Google 


TESTS OF OXYGEN BREATHING APPARATUS WITH GASOLINE. 9 


TABLE 1.—Results of distillation analyses of gasolines. 


Trinidad gasoline. | Casing-head gasoline. 


Specific gravity at 15° C : 0. 765 0. 6635, 
Deerocs Baum SSeer re ‘ 53 81.5 
Color..........-- “| Yellow tinge. Water white. 
OOO see ccissetaescsedvans vsadsbeaassaateasasesanses -| Good. Good. 
AGIMIbY.; .c ior ptecatate des bizscscsccet aged anrsdans bee 3 None. Positive. 
DOCtOr test. 5 soso i sciecdeessoseeck eset peacsacs$asecseees |sectmabisndccadenesawars Negative. 
Wnsaturation.<.scr52s6ssost2-252s 208s .he2see59 percent.. 4.5 3.0 
Barometer, 751 mm.; | Barometer, 743 mm. 
temperature, °C.— temperature, °C.— 

Amount distilled, per cent: 

First drop..........- tase gaveinagaasigeares E 60 33 

Da cin tance adele ete Gada seen de oo sesne ogae as sie acuscetersleaiacsedsc en dscctasonets 37 

10.. 96 40 

QOS Brkt oes da he Sa cadaezp aces (Scoot aeesaese nehes 111 45 

QOLTS S34 Rage SOareReTS Aas ACES RAS es awoTOR Toa nes Ve 123 49 

OS Sos wiciats odin ee oy oe hess s Sea cota eneoowesh bees 135 54 

BB casdrsan dat sveateypasssasexwanp cab saovsnarssiscwlsbansshasees ebepsarseies 57 

50... 147 59 

60 160 64 

7 172 71 

80 185 80 

90.. 207 97 

QB irs Verses sh ostablne tas tase aeneas Tete ANTI Ss Doe Sole sees eas Rate TER SESE 125 
Diy: Pol s2.c.osss055 cased cacassascacoeenetestsensasaes 242 126 
DISHMMOG vis ccseceasnsbcewesecsscceesessanass’ per cent.. 97 96 
Residues. sees pcosicgs staegaeesetee ses taniccsesAaewe 1.2 0.5 
WONRS ot sash eodsicig Os Sopmnnelstady Janes Seen Sen eay do... 1.8 3.5 


TESTS WITH GASOLINE VAPORS. 


The tests were made with a Salvus half-hour apparatus, the same 
as worn by Cunningham, and were arranged so that only the breath- 
ing bag was inside a tight box in which the space was kept saturated 
with the vapor. The main part of the apparatus was outside the 
box. Oxygen from the apparatus was breathed by a man in the 
usual manner. Gas samples were taken from the box at intervals 
to determine the concentration of gasoline vapor, also samples of the 
oxygen breathed were taken from a side tube in the mouthpiece. 


TEST NO. 1, 


Test No. 1 was made with the Trinidad gasoline in a room at 75° F. 
The concentration of gasoline vapor in the box at the beginning of 
the test was 4.3 per cent. The man breathing from the apparatus 
thought he detected gasoline in his oxygen in two minutes after the 
test started. Analysis of the inspired oxygen at that time showed 
0.03 per cent gasoline vapor. The same man remained at the appa- 
ratus for 18} minutes without suffering any ill effects. His place 
was then taken by another man who wore the apparatus until the 
oxygen was exhausted without noticing more than a trace of gaso- 
line at any time. At the end of the test the inspired oxygen con- 
tained 0.07 per cent gasoline vapor. The total duration of the test 
was 38 minutes. 

TEST NO. 2. 

As it was thought probable that the temperature in the gasoline 
tank at Trinidad was higher than 75° F. and therefore caused greater 

20311°—21——2 
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penetration, a second test was made several days later with another 
portion of the same gasoline but with a room temperature of 95° to 
104° F. The wearer of the apparatus noticed gasoline in 124 min- 
utes after starting the test ; at this time his inspired oxygen contained 
0.7 per cent gasoline vapor. After detecting gasoline he continued 
wearing the apparatus for a period of 145 minutes, when he became 
dizzy and stopped. At that time his inspired oxygen contained 0.28 
per cent gasoline. Another man took his place and continued breath- 
ing for 14 minutes, when the oxygen became exhausted. Analysis 
of the oxygen at the end of the test showed 0.60 per cent gasoline 
and the man felt somewhat dizzy. 


TEST NO. 3, 


The next test was with casing-head gasoline in a room of about 
78° F. Another oxygen apparatus of the same type was used. 
Analysis of the gas from the box showed 36 per cent gasoline vapor 
at the beginning of the test and 32 per cent at the end, 22 minutes 
later. Gasoline vapor was detected rather suddenly by the wearer 
of the apparatus in 9 minutes after beginning the test. A sample 
of oxygen from the mouthpiece then showed 1.13 per cent gasoline 
vapor. After breathing for three minutes more the man could 
endure the effects no longer. He had to hold to a table in order to 
stand and his sight became confused. Analysis now showed 2.22 per 
cent gasoline vapor in the oxygen. Three minutes later 2.60 per cent 
gasoline vapor was found in the oxygen. Another person attempted 
to breathe this mixture, but took only 10 or 12 breaths before he 
became quite dizzy. 


TEST WITH LIQUID GASOLINE, 
TEST NO, 4. 


Test 4, with liquid gasoline, was performed with another similar 
apparatus, the breathing bag being partly submerged in ordinary 
motor gasoline having a gravity of 63° B. Half the bag was beneath 
the surface of the gasoline, and most of the bag was wet with the 
liquid. Four minutes after immersing the bag gasoline was noticed 
by the man breathing. Analysis showed 0.05 per cent gasoline vapor 
in the oxygen. The wearer continued breathing for 9 minutes more, 
when he thought the gas was becoming rather strong and felt he 
would seon be affected by it. The test was then stopped. The oxy- 
gen showed 1.09 per cent gasoline vapor. However, the wearer, a 
strong, robust man, did not feel any ill effects from the amount he 
inhaled during the experiment. 

The total time of the immersion of the bag in gasoline was 13 
minutes. Examination of the interior of the bag immediately after 
the test showed that the gasoline had penetrated and acted on the 
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TESTS OF VARIOUS FABRICS FOR PERMEABILITY. 11 


rubberized coating rendering it soft and sticky like rubber cement. 
The condition of the interior of the bag is pictured in Plate II. Plate 
I shows the appearance before immersion in gasoline. The action of 
vapors on the rubber produced no apparent change in its condition. 


DISCUSSION OF THE RESULTS OF TESTS. 


The experiments show that the thin rubberized coating on the — 
apparatus tested is rather easily penetrated by both liquid gasoline 
and by such high concentrations of gasoline vapor as may be ex- 
pected in a tank containing some volatile casing-head gasoline. 
Although ordinary motor gasoline does not seem to produce high 
enough concentrations of gas to penetrate, in dangerous quantities, 
in a period of 10 to 15 minutes a bag free from defects, yet the need 
of a much more impermeable bag is certainly demonstrated. 

Actual tests of breathing bags of other apparatus have not been 
made, but all thinly-coated bags are permeable, as the later tests of 
fabrics show. Thus all oxygen breathing apparatus with such bags 
must be used with caution in high concentrations of gasoline or ben- 
zene and other organic vapors. A life line should always be attached 
to the wearer so that he can be immediately drawn out of the danger- 
ous atmosphere should he show signs of distress. 


TESTS OF VARIOUS FABRICS FOR PERMEABILITY. 


Many types of oxygen breathing apparatus are not readily tested 
by the previous method, so subsequent experiments were made upon 
pieces of the fabrics. The testing apparatus was similar to the one 
devised by Edwards of the Bureau of Standards for testing balloon 
envelopes.* Edwards has fully described this method and the prin- 
ciples involved, so only essential details will be briefly discussed 


here. 
DESCRIPTION OF APPARATUS, 


Figure 1 is a diagram of the apparatus; Plate IIT pictures it. The 
fabric to be tested was clamped in a circular “ flange,” or cell, so that 
it separated the space therein into two parts. Exactly 250 sq. cm. 
of fabric was exposed to the gas in the cell. Air mixed with the gas 
or vapor in question, of determined concentration, was circulated con- 
tinuously at a rate at least 1} liters per minute through this system. 
A small blower of the Sirocco type, with a gas-tight stuffing box for 
the shaft, drove the air through tubes to a flowmeter, thence to a 
pressure regulator, to two gas-washing bottles in series, each con- 
taining 500 ¢. c. of gasoline (or benzene) and finally to the flange; 


® Edwards, J. D., Determination of the permeability of balloon fabrics; Tech, Paper 
113, Bureau of Standards, 1018, 31 pp. 
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after passing through the flange the air returned to the blower. The 
flange, liquid gasoline, and most of the connecting tubing of the sys- 
tem were kept in a water thermostat at 25° C. The constant tempera- 
ture and the large volume of gasoline, frequently renewed, auto- 
matically maintained uniform concentration of the vapor passing the 
fabric. Samples for determining concentrations were taken by 
inserting gas sampling bulbs with by-passes around them in the sys- 
tem between the saturators and flange; analyses were made with an 
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Figure 1.—Diagram of apparatus for testing permeability of fabrics, 


Orsat apparatus in a room temperature higher than 25° C. When 
gases instead of vapors were used for testing, a large gasometer con- 
taining the gas of predetermined concentration, was inserted in the 
system in place of the liquid saturators. The small loss of gas 
through the fabric made a negligible change in the concentration. 
Pure air, free from carbon dioxide, was passed across the oppo- 
site surface of the fabric at a uniform rate of 1,000 ¢c. c. per minute, 
measured by gas-flow meters of the resistance type.%? This air car- 
ried with it any gas which permeated. A part of the mixture escaped, 
500 ¢. c. per minute were passed through two interferometers of 
the Rayleigh-Zeis type connected in series. These interferometers 


1° Benton, A. F., Gas-flow meters for small rates of flow: Jour, Ind. Eng. Chem., vol. 11, 
1919, pp. 623-629. 
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TESTS OF VARIOUS FABRICS FOR PERMEABILITY. 13 


were calibrated empirically against each gas or vapor by analyses 
of the original gases with the Orsat or Haldane method, and after 
they had been passed through a heated tube furnace following the 
interferometer. The results were expressed in terms of the volume 
of original combustible gas carried by a liter of air. The large 
interferometer had a high sensitivity but shorter range than the 
small one, the latter being used for the highest concentrations. 

When tests were made with carbon monoxide, the gas passing from 
the flange to the interferometer was led through a heated tube fur- 
nace to form carbon dioxide, because the optical density of carbon 
monoxide so nearly equals that of air that the interferometer could 
hardly determine it. This procedure was not necessary for the other 
gases and vapors. 

At the beginning of a test the apparatus was run for 10 minutes 
or more with the gasoline vapor passing through an auxiliary tube 
around the flange in order to saturate the circulating air. Adjust- 
ments were made so the pressure on the gasoline side of the system 
at the fabric was 3 cm. of water more than on the pure-air side, as 
indicated by the manometers. The interferometers were adjusted to 
indicate zero on the scales while the air only passed through. After 
everything was in readiness the vapor-air mixture was put through 
the flange, the time recorded and observations made at short recorded 
intervals with the large interferometer. Some time elapsed before 
the first gas permeated; when an immediate indication of gas and 
vapor showed passage of gas through pin holes, such tests were 
stopped and the fabric discarded. Two hours of testing a fabric 
completed an experiment. 


RESULTS OF TESTS. 


Table 2 gives the specifications of the different fabrics investigated. 
Tables 3, 4, and 5 give, respectively, the permeability of the fabrics 
by vapor of heavy gasoline, casing-head gasoline, and benzene; car- 
bon monoxide showed no permeation when tested with these fabrics: 
Gibbs, 16 per cent concentration or carbon monoxide in air; rubber 
dam, 0.006 inch thick, 6 per cent concentration; leather, 30 per cent 
concentration. Natural gas from the mains at Pittsburgh, Pa., had 
approximately this composition.’ 


1 Burrell, G. A., Seibert, F. M., and Robertson, I. W., Analysis of natural gas and 
illuminating gas by fractional distillation at low temperatures and pressures: Bureau of 
Mines, Tech. Paper 104, 1915, 41 pp. 
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TABLE 2.—Specifications of fabrics tested, 


Thickness, 
Designation. Description. total aver- 
age inches. 
Balvus ti Ss dvercazs Twilled cotton cloth coated on one side with rubber about 0.012 inch 0. 022 
thick. Used in breathing bag of Salvus half-hour apparatus. 
Paul and Draeger..| Heavy duck, about 12 ounces per square yard, impregnated with rubber 045 
and one side coated with a rubber layer averaging about 0.015 inch 
thick, but decidedly variable because of uneven cloth surface. Used in 
breathing bags of both Paul and Draeger apparatus. 
Special Paul....... Sane above except made with attempt to secure better impregnation 045 
of cloth. 
Gibbs............-.| Loosely woven cotton twill, coated on one side with rubber averaging - 028 
0. 020 inch thick. 
Fes pubes of high quality, made without cloth, nominally ~; inch | 0.063-. 071 
thick. 
Puragunisheet ribbOrs. cee sc5ecs seecasiecssdwedecocaccaegessecceeouss .029 
anes Onesceeuceners .014 
a) Bees DOsras wagepteccdesehe cascekwes: NY, - 006 
Material used for bags for holding gas for technical purposes, made of 2 - 083 
fine cambric sheets cemented with a layer of rubber and covered on 
both outer surfaces with rubber. 
Balloon. ...... -«++| 3Sheets of fine light cloth cemented with rubber and rubberized on both 019 
outersurfaces. Cne side coated with aluminum powder, 
Glue-glycerin. ..... 1 piece of light cambric and 1 of light stockinette net, both rubberized - 023 
hinly on one side, cloth sides cemented with thin layer of glue-glyc- 
erin mixture. Fabric quite flexible. 
DOicecacssnasss 12-ounce duck and lightcambric, coated with rubber on oneside of each - 085 
about 0. ORinch thick. Cloth cemented with glue-glycerin mixture. 
Pyroxylin........ --| Close-woven cambric impregnated with pyroxylin varnish; coated on - 016 
one side with layer of pyroxylin varnish 0.01 inch thick containing 
powdered aluminum. 
Leather........--.- Abecraee tanned and treated with mixture of rape, sperm,and neat’s- - 026 
‘oot oils. 
Fabricoid.......... Thin black muslin coated on one side with composition and surfaced to - 012 
imitateleather. Contained pinholes. 
Do..... abeanees Heavy twilled cotton cloth, one side composition coated to imitate - 022 


black leather, used for upholstering; not supple. 


Google i TT 


15 


0 


reabeg upI00413-0n71{ H 
melee ee le oreo silasoaty 
ore low [em fre pee ee Mor © mens —[eeietecdec st 
ose |¢2@ jem |96 |¢ Boq sep{ 1 
oroe jos |e leer |set fra [ee 9 ferret fere osei0Ay 
ove joe. foo fost {ser [sit fe au. — [vee £% 
ose joes joe |soz | e2t EP soqana{ 61 
a el Z6 OF (RI aL We > cr LCT adBIOA V 


coo 
on 


VARIOUS FABRICS FOR PERMEABILITY. 


diac cao lL gee aelOea=saesh ae lenedan gu[eeaersecinesaeses (cass femeaeass salar acs odRr0ay 
Gxtascnate [Sabet eael \eazceae cieectellsesrcuheeaevec| oe | Mibege  olbestes urep soqqna{ 4 
“smoy 04 UT WMOYS MOHwouLIOd ON [oo eee reteset ferret pce cc sfc eceeeeleeeeeeeeee| goge 0 [reeresereees ssnoqa | 22 
oa OsBIOAy 
“levsaRI(y puvyneg{ a 
Boess osRIIAy 
*SOINUTUL ZI YC PoIWOIpPUT 4SIY 103901019510} 
“UJ ‘SoyNUyUI g UT peMoYs oUT[Osed pauING Woy eprxoIp | 20g «jor fore |r |sor Jos Jar |e | a Uap len eeeeeee eee STATS { eI 
WOGIB JO} 489} [BOT UTVYD AG PouUTULIEJop SB UO}JBoULJed ySIPY AT8S\| 27 
sy —_—_—_—_—_—_—_—_—_——— enn fe ee ee 
*(seyn “(80 
; sayouy) 
‘oyna “oun feather ak aZBIVAB oe = 
mA -squemey vould 810} on ON 
paazes | 1? -wus}sep ‘owqeyz | SEL 
a *(poreo}Puy aINUTUT OF *9 °9) ‘(payeoypuyomnupa | ego ysry | _SSOU 
a “m0 “bs ooo'T YsnNoIY} 41848 UIOI] 78°09 °9) ‘WO "bs QO0'T 2UT)} BOUT oy owt, “Yor 


Zuyveued sed jo OUINJOA [840,, 


-1od oynuyu Jad sea jo ouinjo, 


‘auINjoa Aq yuo Jod Fg ‘SOTIGB] JO OpIs oUO UO *~) CZ 4B ITV UT JOdvA payNINyes JO UOT}BIWUSDUOD 
‘ouBxay JO ‘HPET% ‘sysA[BUB UOT}SNGUIOD 4BsIQ AQ peuTULIEJOp oFqey ut wIjoUod IOdwA Jo BjNUTIOJ OFVIOA VY 
“O10, ‘PBPIULLL ‘OD Buruyay Iepourg ‘aainog 
“ o€¢ ‘oUTpOsUT Jo AyAvsy, 


‘9urjosnb fianay fo sodoa ypum 4893 a1qnf fo s1jnsay—'§ ATAV I, 


PERMEATICN OF OXYGEN BREATHING APPARATUS. 


16 


O's | 1 OLOE e W Sree J9qIVIT | RL 
ayers laws *++] Ze 910° seorerseumdxousa | Lf 
suoyjwounsod on foc sttte fester fccee eee [ eters e| eee teres lace eee eee eeefeee eens |ttec scene poo oes op. 
*sAup 6% 10} Joy] Oa Avy-Tdy 07 . | 
pesodxo u9eq pey yoryAs 4ng ‘opqRy etEg uo}; BouLIed ONL [Pestasente|esstdees sels ts teceh ores sae leosteeselees arte Ne asaSenn| sens etes|? sevessce= woo.) frets tt ttopet: 18 
“sploy UO poroUIUIEY a 
PUL cous INS OI}IUO SSOIOB STBA1OZUT TOUT ¥ 4B SUOT}OAITP F U} ( 
Polo} Wooq PY YOTYA ynq ‘aquy ouIUg "uopemuLied ON Rate ascdculicacdatsenleseevees ease Wales cpsnta}SesGs9s [cep cacawfoaweness| ob awe nktes 220° seesereeee sop: 08 U 
“ad 200 
qnoqe einjessduIM 7B SJaT}OY 9Aoge Shep Og pssodxo wo 
pey yorYyA ynq ‘gE S07 UT SY OQ oUWG “MONvouLIed ON |" TTT ' op*""**| 62 
“Uo; vould ON pecan eee : es [7777 aueo4]3-an[ pH 2 
0°062'6 | O'OSe'e | OOO'T | 82T O°e0T | 0°06 O'9L - | ORE ee ns Pain A “OsRlaAV | 
O-09e'6 | 00S9‘e | OZO'T | OST O'SOT |O'16 |O08 JOTH |F Vege — |eceeeeeeeee ' 6£ 
o's jours |ose [oor oor |ows jow fore |¢ } 610 woorrva{ gf 
o-or0‘1t | o'os9‘s | org‘t | ze, | ovr |o'vr joe lov |¢ £20 pce ere vq suey | 2% 
0-002 ‘29 | 0009 ‘6% | OOL'2 | O16 | OE | Ose | O-OFE | O'zsZ | T OOU%! . fRrEStE St Este op-""*") Ly 
0018 ‘Ze | 0'029'6 | Fee | SOL 002% | O'8IZ | Os | O'eeT | I PLO _ | [Stzse* urep Jeqqny | ++ 
O'OILS | O'OSI'T 1 SOS O82 0°L9 Cie Seale! iaamaneeeal | (AS) (el SS IN odBIVAV 
OOLz’s | OCT jar ptt Ou |Os9 | OS [itt ¥% en) essere ze 
Fovuch's }ovoos't |or fc ov. joe low fo & } ot) Tap, soaana{ of 
suopeamniod oN [on fee pee beep rere Se tatore|>aaasseees pe oe ssnajg | 2¢ 
00F9 ‘OL 0'z8 6-92 ee eee eee ALIVAY 
O‘Ove IT 0°68 O°R8% 6 Un = Iercevceeneee- ws 
0° 0 oz ow [8 \ 820 sqarn{ SP 
Ose ZI | 0 a q 046 0°69 I 1 aa! bee Invg Tepedg | 18 
O'OL9 FE} O'G29‘S | Gzz*T | OVE OST | OZ | O'IT | O'vy SS) Sees ee OSWIOAY 
0-01Z ‘9 | O'0IZ‘9 | O10'S | O¥F OFLT | OBST | OVI | OM Jf |- oF 
Fo-ost‘et | o-ort's | ore't | ov |over joer joror joi |z } av steer. paw tnea{ se 
0°000‘ZI | O-0OT‘S | Oss‘ | OCF O'VIL | OIL | OWT | 0O'6L b 20:0) SSS SNABS | ZF 
0&1 09 oe ST as 09 0€ ST “som |. ry) 
, A Luyur) wor) (SeueuD — 
“syzeura ound Ty oynU TN -vourod ae aes “u0ly “ON 00 
SYIBUIOY | posse | 3890? | -cutysop ‘opqey | asor » 
*(pelBorput e nuit 07 “0 ‘d) *(payBorpuy eynuTUL qo Isay Ssou ‘e) 
“m9 “bs you'r YANOIY. JIBS WOI] 78 ‘0 °O) ‘m0 "bs (KK) T AUT Bou op om, ML 
Zuyjesused sex jo ouNjoa | BjOy, | -zed oyNUTUL Jod se¥d jo vUINIO, ‘o) 


soumnyoa Aq JU JO T'Og ‘SOPIGEJ JO OPTS 9UO UO “| .Z 18 ITB UT JOdvA poyBINyes JO UOTPBI]UCUOD 
‘euezued JO “'FZ%:- ‘STSA]BUB WOTJSNQWOD JUSIQ) AY POUTULIOJop oUGey ZUTVBIQoUed JOUBA Jo VPN vavIIAV 


“dof 18 ‘vUTJOSUa jo AqTAwIH 
‘auyosnb pnay-bujsno 7yby fia fo szodna y73n 83893 2.1QDf fo s)nsay—"p ATAV], 


17 


TESTS OF VARIOUS FABRICS FOR PERMEABILITY. 


“od 


“moy}weuLIed ON 


“syIvuUrey 


Oat 09 og st | ost | 09 oe ST 
“(soin . 
( (saqour) 
-U1 
“oynUTL “oqnUyN Myoutiod | O280a8 “T0171 ‘ON 
posses | [201 | -euaysop ‘opqeg | 390, 
*(peeoypuy ainuyur 0} *o *0) “(pareorpuy oynayar OF Out APL 


‘uo ‘bs ‘T YsNoIY} 1187S UIO.y 48°90) ‘uTO “bs QUOT JU) Bou 
suyjvourad sez jo oummjpoa 1e30y, | -1ad oynuju dad svZ jo oUINjOA 


sommyjoa Aq yue0 sod g°Z1 “OD .¢% 78 JTW UT JOdva oUeZUAG PzLINYWS JO UOT} BIZUB0UOD 


‘sn6 Jo4njou pun ‘spixoucu uogsvd ‘suszuaq fo soda yin 8789) 2.Qdf fo s1]nNs2yY—'G ATAV], 


18 PERMEATION OF OXYGEN BREATHING APPARATUS. 


Composition of Pittsburgh natural gas. 


Constituent. Per cent. 
Nitrogen _---.-------_--------------------------------------------—-- 1.6 
Mothané -.<: =< - eo os essa eases == eee: Sty f 
Ethane____---_------__-------------—-—_------+--------------—-=------ 9.4 
Propane_____-----------------------------------------=-----------——-- 3.0 
Butane (chiefly) _---------------------------------------------------- 1.3 


This gas in 100 per cent concentration showed no permeation 
through Gibbs fabric, rubber dam 0.006 inch thick, pyroxylin, and 
leather. 


SS 


& 


TOTAL PERMEATION IN TWO HOURS, LITERS. 


0 O/ 02 03 04 05 06 07 
THICKNESS OF RUBBER, INCHES 


Fiaurn 2.—Permeation of gasoline and benzene vapors against pure rubber fabrics in 
two hours, 


Plate IV gives representative curves for some tests of permea- 
tion versus time. The graphs show that for a short time after the 
first penetration the quantity of gas coming through remains low, 
then there is a rapid increase which soon tends to attain a maximum. 

Figure 2 shows the relations found for total permeation during 
two hours versus thickness of pure rubber fabrics. The curves are 
roughly hyperbolic, but no permeation was found during the two 
hours time through rubber one-sixteenth inch thick. These relations 


piavzesy GOOgle cise 


SILININ "WOILVAW HIeS IO T/L 
ee) OL 


COeCe ee 
C] Do aadaly 


O 


es 


08 


QML YOU 


Lely ANY UIA 


ULIOD JZ 


GS 79 


oan 
“ILNNIW INO M 9179S AO SYILFIWILNID 


TYVNOS O00! DNILVINATS YONA SO SYILINILNID WAND ‘NOWLW INSTA 


y Pee nt 
huge - Cee CP ee Leet pier 


Sesascantnieeerittegt 


aS ee co 

BEER EEE EE aoe tia 
PCC 442 Vagghd YI-/0'0 YbNOL4f eee T] 
Pest ne taper fey re hele pe i [al ped LC] Pee he EE 


Al 3LV1d 213 YSdvVd IVOINHOSL 


SSNIW 30 Nv3ayunE 


21600b-pd#esn ssad.e/buo' snaytTyyey mMMm//:diiy / pazTt THTp-a7boo9 


Original from 


PRINCETON UNIVERSITY 


Digitized by Google 


a 


‘uTewog 3T1qGNd 


T6S667SOTOTZE dfu/szoz/}eu" a ypuey"1py//:sdjyay / IWD €v:8T 8Z-60-HZOZ UO paj}erduay 


TESTS OF VARIOUS FABRICS FOR PERMEABILITY. 19 


~ accord with those of Edwards and Pickering, who prove that 
permeability varies inversely as the thickness. They do not hold 
for fabrics containing cloth, because of different textures and differ- 
ences in the impregnation. 

Figure 3 shows graphically the total permeation for the vapors 
in two hours through the different permeable materials. 

The fabrics used on the Salvus, Gibbs, Paul, and Draeger ap- 
paratus are all of cloth coated on one side with a thin layer of 
rubber, the latter two use the same fabric, which is impregnated as 
well as coated on one side with rubber. None of these fabrics proved 
impermeable. 


——=s 
eee eae —— 
Vis porn RE 
Pyroayli._ |) 34.5°B gasoline) 0.009 liters 
Rubber.dam, 
thick _ 


SS ee ee 


Salvus 


8/.5°B. gasoll 
FABRIC VAPOR — — 


Fieurp 8.—Total volume (liters) of vapor permeating, at 25° C., 1000 square centimeters 
of fabric in two hours, 


The Salvus fabric gave a permeation against casing-head gasoline, 
as shown in Table 6, which would allow 9.9 per cent of vapor to 
accumulate in 15 minutes in the breathing apparatus, if there were 
no loss of vapor mechanically, by absorption in the lungs, or by out- 
ward permvation. In test 3 with the Salvus apparatus, which had 
conditions most like the flange tests, 2.60 per cent of vapor was found 
in the apparatus in -15 minutes exposure; considering the loss of 
vapor through the pressure release valve and actual loss by outward 
permeation and absorption in the lungs, the flange tests of fabrics 
give a satisfactory indication of what may be expected from ap- 
paratus in real service. 


13 Edwards, J. D., and Pickering S. F., Permeability of rubber to gases: Chem. and 
Met. Eng., vol. 23, July 7 and 14, 1920, pp. 17 to 21, 71 to 75. 
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The Fleuss bag material alone of those now in use proved com- 
pletely impervious to all the gases during the two-hour period. The 
Fleuss has a bag of heavy, one-sixteenth inch thick, sheet rubber of 
pure, high quality and contains no cloth. Of course, if such a thick 
rubber bag were used repeatedly without intervening aeration the 
gasoline vapor would eventually penetrate into the bag. 


TaBLe 6.—Computed permeation through breathing bags of different apparatus. 


Temperature, 25°C. 
Fiires have been calenlated from fabric tests on the assumption that accrmulated vapors have no 
tendency t» permeate outward and that al) are retained in the breathing apparatus, 


Area of bag. | Vapor. Concentration of vapor 
Volume F in apparatus, percent- 
in bag 7 Time | age at minute indi- 
| and Hoen: % ee cated. 
eT. 
appa- i 
Apparatus: Square ¢ | rats, arbitnd aime x 
centi- patare approx- Description. bag, | min: Minute. 
meters. Lise] ; per | utes. 
liters.” cent by 
volume. 
: nyse | spapaitg 53° B. liquid. 
Salvus..... 2,207 342 10 soline, §1.5° B.uquid. 
Gasoline, 53° B. liquid. 
va e Gasoline, §1.5° B. liquid. 
Paul....... 3,071 416 15 Benzene... ........-++ 
Carbon monoxide Sapees 
Gasoline, 53° B. uae 
7 Gasoline, 81.5° B. liquid. 
Draeger....| 4,433 687 15 \) Benzene....-.-.----+-. 
Carbon monoxide. ..... 
(Gasoline, $1.5° B. liquid. 
Gibbs...... 2,262 351 ib benzene ....scs0 20555528 
Natural pags. 2.2025<2. 
Gasoline, 53° B. liquid. 
Fleuss..... 2,890 448 15 f Gasoline 81, a B. es | 
Benzene... 


1 No permeation. 


All the rubberized fabrics made with the glue and glycerin were 
completely impermeable even with a total thickness of only 0.022 
inch (1/64 inch=.0156), about one-third of that needed for pure 
rubber. They were also supple and had properties seemingly useful 
for bags. In order to test them more severely for qualities other than 
permeability, special tests, described later, were arranged. 

Fabrics specially made for laboratory gas bags and balloon en- 
velopes containing two and three layers of strong, light cloth with 
rubber between and on the outer surfaces were also tested. They 
were permeable, much the same as breathing bag fabrics now in use. 

Fabracoid in the thin quality was found to contain pin holes. The 
heavier quality was stiff and did not seem resistant enough to rough 
mechanical treatment; no permeation tests were made with it. 
Leather, oil treated, of the kind used in the diaphrams of dry gas 
meters, was highly permeable to gasoline and benzene vapors. 


13 Lamb, M. C., The deterioration of leather used in gas meters: Jour. Soe. Chem, Ind., 
vol. 35, 1916, pp. 989-993, 
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SPECIAL TESTS OF FABRICS CONTAINING GLUE-GLYCERINE. 2] 


Cloth impregnated and coated with pyroxylin varnish was found 
impermeable during the two-hour tests against carbon monoxide and 
natural gas. Small quantities of benzene and gasoline came through 
toward the close of the tests, but not enough to be dangerous. A little 
increase in the thickness of the coating would entirely prevent pas- 
sage. This fabric offers possibilities as a substitute for rubber, as it 
may not deteriorate with age as rapidly as the rubberized fabrics. 

No permeation of carbon monoxide or natural gas was found 
through rubber dam, 0.006 inch thick, rubberized fabrics, or leather 
during the two-hour testing periods. 


SPECIAL TESTS OF FABRICS CONTAINING GLUE-GLYCERINE. 


Special tests were made to determine the ability of fabrics contain- 
ing glue-glycerin mixtures to withstand rough mechanical treat- 
ment, extremes of heat and cold, dry air, and weathering. The fabric 
selected for the tests was 0.022 inch thickness; it was made for gas- 
mask purposes and was nearly two years old at the time of the tests. 
It passed all tests in a satisfactory manner. 


TEST FOR RESISTANCE TO ROUGH TREATMENT. 


A piece of the fabric cut for insertion in the flange was folded 
and creased in parallel lines one-half inch apart over its entire sur- 
face; each fold was laid on a smooth board and hammered along its 
whole length with a 21-pound weight held in the hand and raised 4 
to 6 inches; the process was then repeated on folds at right angles, 
then on the two diagonal directions, making four directions of folds. 
Though the surface was abraided in some places, the fabric did not 
show displacement of rubber or glue-glycerin mixture, nor did it 
develop any cracks. On testing for permeation against casing-head 
gasoline, negative results were found through two hours. 


TEST FOR RESISTANCE TO WEATHERING, 


A piece of the fabric was tacked to a board and placed on the 
south roof of a building, the roof having a slope of about 45°, where 
it was exposed to sun and weather from April 7 to May 5. At the 
end of the 29 days the exposed surface showed a slight checking, 
the under surface showed no change, the fabric retained its original 
flexibility, and the glue-glycerin held even at the edges. Tested 
against casing-head gasoline, it showed no permeability. 


TEST IN HOT DRY AIR, 


A piece of the fabric was hung for one month above boilers in con- 
tinuous operation in a power house. Observations of temperature 
showed a maximum of 108° F, and minimum of 95°, Relative hu- 
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midity ranged from 63 to 25 per cent. At the end of the test the 
fabric retained its original flexibility and appearance and showed no 
permeability to casing-head gasoline. 


TEST AGAINST COLD. 


A test piece was laid on ice in an ice box over night. It retained 
its flexibility entirely. 


SUMMARY AND CONCLUSIONS. 


Tests were made to determine the permeability of the rubber bags 
of oxygen apparatus to gases and vapors. The breathing bags in 
vapor of volatile casing-head gasoline showed dangerous penetra- 
tion; in one test 2.60 per cent of gasoline vapor was in a breathing 
bag after 15 minutes exposure to air containing about 34 per cent of 
casing-head gasoline vapor. 

Further measurements of permeability were made of separate 
pieces of fabrics in a special apparatus. Tests lasted two hours, 
which is the time the larger oxygen breathing apparatus are designed 
to be worn. All the fabrics now used by the Bureau of Mines for 
breathing bags, excepting the Fleuss, proved permeable to gasoline 
and benzene vapors, and undoubtedly to other similar organic vapors. 
No permeation of the fabric investigated was found for carbon mo- 
noxide or natural gas. The impermeable (in two hours) Fleuss 
material consisted of heavy sheet rubber, one-sixteenth inch thick, 
made of high quality stock; no cloth was used in it. 

Iabrics made of two rubberized sheets cemented with a glue and 
glycerin mixture were found completely impermeable; one such 
fabric had a total thickness one-third that required for rubber. 
Special tests for resistance to rough mechanical treatment, exposure 
to weather, hot dry air, and freezing temperature were passed by 
this fabric without permeation or loss of flexibility. A fabric made 
of cloth impregnated and coated on one side with pyroxylin varnish 
allowed only a slight penetration of gasoline and benzene vapors 
toward the close of the two-hour test period, not enough to be dan- 
gerous. A slightly thicker coating would entirely prevent penetra- 
tion. This fabric has apparently very desirable properties for use 
in breathing bags, and deteriorates less than rubber with age. 

Final recommendations regarding the use of heavy rubber, glue- 
glycerin, or pyroxylin fabrics in the breathing bags of different 
apparatus will depend upon the results obtained in actual use of 
these fabrics during the coming year in oxygen breathing apparatus 
used by the Bureau of Mines. 

In the meantime due caution should be observed whenever oxygen 
breathing apparatus is worn in organic vapors. <A life line should 
be attached to the person. so that on signs of distress he may be imme- 
diately withdrawn from the dangerous atmosphere, 
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PUBLICATIONS ON MINE GASES AND NATURAL GAS. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


BuLieTin 42. The sampling and examination of mine gases and natural gas, 
by G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 

BULLETIN 52. Ignition of mine gases by the filaments of incandescent elec- 
tric lamps, by H. H. Clark and L. C. Isley. 1913. 31 pp., 6 pls., 2 figs. 

BULietTin 105. Black damp in mines, by G. A. Burrell, I. W. Robertson, and 
G. G. Oberfell. 1916. 92 pp. 

TECHNICAL PAper 2, The escape of gas from coal, by H. C. Porter and F. K. 
Ovitz. 1911. 14 pp., 1 fig. : 

TECHNICAL PAPER 11. The use of mice and birds for detecting carbon mon- 
oxide after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TECHNICAL Paper 13, Gas analysis as an aid in fighting mine fires, by G. A. 
Burrell and F’. M. Seibert. 1918. 16 pp., 1 fig. 

TECHNICAL Paper 88. Wastes in the production and utilization of natural 
yas and methods for their prevention, by Ralph Arnold and F. G. Clapp. 
1913. 29 pp. 

TECHNICAL PApeER 43. The effect of inert gases on inflammable guseous mix- 
tures, by J. K. Clement. 1918. 24 pp., 1 pl., 8 figs. 

TECHNICAL Paper 62. Relative effects of carbon monoxide on small animals, 
by G. A. Burrell, F. M. Seibert, and I. W. Robertson, 1914. 23 pp. 

TECHNICAL PApeR 119, The limits of inflammability of mixtures of methane 
and air, by G. A. Burrell and G. G. Oberfell. 1915. 80 pp., 4 figs. 

TECHNICAL Paper 121. Effects of temperature and pressure on the explo- 
sibility of methane-air mixtures, by G. A. Burrell and I. W. Robertson. 1916. 
14 pp., 3 figs. 

TECHNICAL Paper 122, Effects of oxygen deficiency on small animals and 
on men, by G. A. Burrell and G. G. Oberfell. 1915. 12 pp. 

TECHNICAL PAPER 131. The compressibility of natural gas at high pressures, 
by G. A. Burrell and I. W. Robertson. 1916. 11 pp., 2 figs. 
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TECHNICAL Paper 134. Explosibility of gases from mine fires, by G. A. Burrell 
and G. G. Oberfell. 1916. 381 pp., 1 fig. 

TECHNICAL PAPER 142, Vapor pressures of various compounds at low tem- 
peratures, by G. A. Burrell and I. W. Robertson. 1916. 32 pp., 10 figs. 

TECHNICAL PAPER 150. Limits of complete inflammability of mixtures of 
mine gases and of industrial gases with air, by G. A. Burrell and A. W. Gauger. 
1917. 13 pp., 2 figs. 

TECHNICAL Paper 158. Compressibility of natural gas and its constituents 
with analyses of natural gas from 31 cities in the United States, by G. A. 
Burrell and I. W. Robertson. 1917. 16 pp., 9 figs. 

TECHNICAL Paper 190. Methane accumulations from interrupted ventilation 
with special reference to coal mines in Illinois and Indiana, by N. I. Smith and 
R. J. Hamon. 1918. 46 pp., 2 pls., 5 figs. 

TECHNICAL PAPER 216. Vitiation of garage air by automobile exhaust gases, by 
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